This paper examines the determinants of multifactor productivity in a cross-country study of 33 African countries. Among others, we specifically focus on the role of economic freedom, and its subcomponents, as defined by the Heritage Foundation/Wall Street Journal Economic Freedom Index (EFI). The empirical results show that the economic freedom index (and most of its components) has a positive and statistically significant impact on the productivity of African nations. The components of economic freedom that are critically important to enhancing productivity of African countries are: Business freedom, investment freedom, financial freedom, property rights freedom and freedom from corruption. We also investigate 'bivariate granger-causality' between economic freedom and total productivity. The results show that economic freedom granger-causes total factor productivity in most of these countries, but the other way around is not true.
INTRODUCTION
Productivity analysis has received a considerable attention among development and agricultural economists over the course of the last five decades. The focus of much of this body of growing literature is on uncovering the sources of productivity growth, with the ultimate aim of explaining the differences in productivity across countries and regions of the world (Fare et al., 1994; Coelli and Rao, 2003) . Fare et al. (1994) presents an in-depth analysis of productivity growth among 17 OECD countries, by constructing Malmquist productivity indexes, which they decompose into technical change and efficiency change. Coelli and Rao (2003) study the determinants of agricultural total factor productivity growth among 93 countries of the world, including 26 African countries (Appendix 1), and some 40 other developing countries from Asia and South-Central America. These studies and others have found evidence in support of convergence of productivity growth of developing countries to the level of developed countries. 1 Productivity growth, which embodies technological advancement, is the source of economic growth, and can offer a path to sustained poverty reduction, job creation and higher wages (Isaksson, 2007) . The importance of productivity growth, especially in the case of African countries, is best underscored by Blinder and Baumol. "...over long periods of time, small differences in rates of productivity growth compound, like interest in a bank account, and can make an enormous difference to a society's prosperity. Nothing contributes more to the reduction of poverty, to increases in leisure, and to the country's ability to finance education and public health " (Blinder and Baumol 1993:778 Figure 1 shows that average productivity among African countries has typically been low in comparison with other developing countries in Southeast Asia and Latin America. What is more intriguing is that, rather than increasing, productivity actually seems to be falling among African countries while productivity of their counterparts in Southeast Asia is increasing (Figure 1 ). The fortunes of too many poor people, particularly in Africa, and the developing world at large, could very well depend on the ability of their countries to put in place policies and institutional structures that promote productivity growth. Mbaku (2003) states that the real problem (with Africa) is not lack of resources, ignorance, or incompetence, but rather weak institutions and perverse incentives. What Africa needs is economic freedom and limited government if it is to realize its full potential. An understanding of how economic freedom impacts productivity is therefore paramount, in view of the fact that productivity growth spurs economic growth. This paper contributes to the literature by exploring the factors that lead to increases in productivity, by focusing exclusively on economic freedom.
The Heritage Foundation's 2012 index of economic freedom has classified nearly 40 African countries as either repressed or mostly un-free (HFI, 2012) . The Fraser Institute's Economic Freedom of the World (EFW) 2011 report also classified more than half of African countries as least free or falling below the third quartile on the EFW index (Gwartney et al., 2011) . The authors of the EFW found that the economies of countries with more economic freedom tend to grow more rapidly. Moreover, income per capita, educational quality, quality of health care, literacy rates, and life expectancy tend to increase with more economic freedom (Gwartney et al., 2011) . On the other hand, countries with less economic freedom tend to have extreme poverty rates. The objectives of the present paper are twofold; firstly, we investigate the presence of statistical relationship between economic freedom and productivity. To this end, we test for granger-causality between economic freedom and productivity. Secondly, the study seeks to determine which sub-components of economic freedom affect productivity.
LITERATURE REVIEW
Productivity can be defined in various ways, depending on whether one is looking at firm-level, industry level or economy-wide productivity. Broadly defined, productivity refers to the ratio of output of goods (and services) to an index of total inputs used in producing that output (Griliches, 1979) . At the firm-or industry-level, productivity may be used, simplistically, to refer to labor productivity (output per worker or output per hour). When it comes to national or aggregate productivity however, a more comprehensive measure, such as total factor productivity is often desirable, and this should include not only labor and capital inputs, but also land, natural resources and all other inputs (Diewert and Lawrence, 1999 ). At the macro-level, therefore, multi-factor productivity (or more appropriately, total factor productivity) may be defined as the ratio of aggregate output produced to aggregate input used.
OECD (2001) defined productivity as the ratio of a volume measure of output to a volume measure of input use, and distinguishes between two broad types of productivity: single-factor productivity, which refers to single input -single output relationship, and multi-factor productivity (total factor productivity), which relates multiple outputs to multiple inputs. Wolf (2007) presents an empirical investigation of factors determining productivity growth in Africa. Labor productivity is found to be affected by, among others, economic incentives index, educational attainment, innovation, and access to foreign technology through FDI. Democracy and infrastructure did not appear to significantly affect productivity. GDP per capita was omitted from the analysis due to high correlation with other included explanatory variables. Isaksson and Ng (2006) discussed factors that inhibit TFP growth in selected African countries. Specifically, they identified low investments in human capital, infrastructure, R&D, and weak institutions as the major constraints to TFP growth. Pires and Garcia (2011) studied TFP of 75 countries using stochastic frontier analysis to decompose productivity change. They found that differences in productivity are largely responsible for differences in economic growth between developed and developing countries.
Economic freedom and productivity
A number of empirical studies have been undertaken on the relationship between economic freedom and growth. Most of these studies (Ayal and Karras, 1998; Gwartney et al., 1999; Heckelman, 2000; De Haan and Sturm, 2000; Dawson, 1998 Dawson, , 2003 have reached conclusions that economic freedom-as measured by limited government interference, enforcement of private property rights, personal choice and freedom of enterprisepromotes economic growth. In countries where economic freedom is entrenched, the market, as opposed to the state, is the main mechanism by which resources are allocated, and the government only plays the role of enacting and enforcing legal structures, as well as providing an enabling environment and institutions that facilitate free exchange (Mbaku, 2003) . The central tenets of an economically free society are personal choice, freedom of exchange and protection of private property (Gwartney and Lawson, 1997) . Caudill et al. (2000) performed factor and principal component analyses on popular measures of economic freedom. Their study revealed that economic freedom is not a onedimensional concept and thus advocated for the use of several measures in ranking countries rather than using an overall index which mis-represents the economic freedom rankings of many developing countries. In their comparative study of three different economic freedom indices, provided by the Fraser Institute, Heritage Foundation/Wall Street Journal, and Heritage and Freedom House, they concluded that all three performed fairly well against a statistical best single index. The idea that economic freedom is multi-dimensional is supported by the findings of Ayal and Karras (1998) , in which they determined that six out of thirteen components of economic freedom measures were statistically significant in determining multifactor productivity and growth.
All other things remaining the same, countries with high economic freedom have higher productivity and higher income per capita. The EFW index (Gwartney and Lawson, 2002 ) is highly correlated with income per capita and economic growth. Looking at Figure 2 , it is clear that countries that have put in place strong economic institutions, such as Botswana and South Africa, are also the ones that are performing well economically. This is clear indication that in the case of African countries, a positive relationship exists between economic freedom and productivity. Figure 3 , which shows per capita GDP growth rates against economic freedom index, indicates that the top quintile of economically free countries tend to have higher growth rate (2.56% on average), while countries at the bottom fifth of the economic freedom index experienced negative growth rate averaging about -0.85% (Gwartney and Lawson, 2002) . Berggren (2003) provides a good review of empirical literature on the relationship between economic freedom and growth. Many of these studies express economic growth, defined by growth of GDP per capita, as a function of economic freedom or its components. Since GDP per capita may also be interpreted as a proxy for productivity, these studies are implicitly concerned with uncovering the impact of economic freedom on productivity. For example, Hanke and Walters (1997) found a positive and significant relationship between GDP per capita and the economic freedom index. Goldsmith (1997) show, in a cross-country analysis, that developing countries that provide their citizens greater protection of economic rights tend to grow faster, have higher per capita incomes, and generally higher living standards.
It is equally important to be able to explain the mechanisms through which economic freedom affects growth and productivity of countries. In pursuit of this goal, Dawson (1998) found empirical evidence from a cross-country study that economic freedom, or crosscountry differences in institutional arrangements, affects growth in two ways; through its direct effect on total factor productivity, and indirectly, through its effect on investment. Ayal and Karras (1998) hypothesized that economic freedom promotes multifactor productivity by enhancing the efficiency with which productive resources are converted into outputs. published annually for all countries in the world. The index is computed as a weighted average of 10 components of economic freedom.
MATERIALS AND METHODS

Data
2 A comparable measure of economic freedom is the Fraser Institute's Economic Freedom of the World (EFW). 3 The HFI is more consistent in its measurement of the components over the years while the EFW changes both the measures and types of freedoms covered over time. Moreover, the HFI is more broadbased in coverage: the index is based on 10 sub-components while the EFW consists of five sub-components. Thus, it was preferable for us to use the HFI index.
The economic freedom index (EFI) variable consists of scores on this index for the African countries included in the study. Each component of the HFI index receives a score on a scale of 0 to 100 (Appendix 2). Each country's score on the ten sub-components are equally weighted to derive an overall score of economic freedom. These 10 sub-components, given equal weight in the computation of the freedom index, are grouped under four pillars (Table 1) . Pillar 1 is rule of law and its components are property rights and freedom from corruption. The property rights component measures how each country's laws protect private property, and the extent to which its government enforces such laws. The freedom from corruption component is constructed from the Transparency International's Corruption Perceptions Index (CPI). Pillar 2, limited government, is a composite measure of the size of government. This is comprised of two sub-components, fiscal freedom and government spending. Pillar 3, regulatory efficiency, comprises (Isaksson, 2007) . The UNIDO-WPD calculates aggregate total factor productivity (TFP) for 112 countries from 1960 to 2000, and forecasts TFP for 2001 to 2010. By employing different methods and functional forms, the WPD offers a comprehensive measure of productivity that also includes the effects of schooling and health. For a technical description of the methodology used in the TFP computation observed by Isaksson (2007) ; we also obtained data on technical change and technical efficiency change from the WPD. Productivity data are available through 2010, but data on technical change and technical efficiency change are available up until 2000 from the WPD. In order to extend the dataset to 2010 for the other variables, we forecast these series for 2001 to 2010 using the WPD data from 1960 to 2000. The forecast method employed is Holt's exponential smoothing.
Other data are culled from the World Development Indicators of the World Bank. These include foreign direct investment (inflows), net official development assistance, trade openness, birth rate (per 1000 people), mobile cellular subscriptions (per 100 people) and labor force.
Analytical model
A fixed effects panel model is specified to describe the relationship between productivity and economic freedom, controlling for other possible determinants of productivity. In econometric modeling, we often hope that the set of independent variables included in the model explain all of the variability in the dependent variable. This is, however, not always the case, as there are instances of unobserved heterogeneity, that is, factors specific to the individual units that cannot be controlled for, but which nonetheless affect the outcome variable. These tend to be absorbed in the error term, causing potential correlation between the error terms and the included independent variables, a violation of the fundamental Gauss-Markov assumptions underlying least squares estimation (Wooldrigde, 2006) . The result of estimating such econometric equations by traditional OLS methods is biased coefficients. 4 Fixed effects panel models take into account this unobserved heterogeneity between individuals, firms, cities, states, or countries by giving every unit in the study a unique intercept, referred to as the individual or fixed effect (Wooldrigde, 2006) . This fixed effect, , is best thought of like including dummy variables for N-1 observational units.
Equation (1) shows the specification of one-way fixed effects (spatial variation) model while Equation 2 shows the two-way fixed effects (spatial and temporal variation) model:
Where and account for cross-sectional (individual-specific) and temporal (time-specific) variations, respectively. Employing these fixed effects models, we account for certain country-and timespecific factors that are important in explaining the differences in productivity across countries. The empirical model is specified as:
Where ln denotes the natural log operator, TFP is total factor productivity (an aggregate measure of economy-wide productivity), EFI is the economic freedom index, TC is technical change (captures technological improvement), TEC is technical efficiency change (measures improvement in productive efficiency), BR is birth rate (per 1,000 people), TR is the volume of trade as a percent of gross domestic product, ODA is net official development assistance received per worker, FDI is net inflows of foreign direct investments per worker, and MOB is mobile cellular subscriptions per 100 people. The included right hand side variables are presumed to be productivity-enhancing or productivity-limiting. For example FDI and ODA could be considered as proxies for investments per-worker. In countries where the rate of investment is higher, worker productivity tends to increase, which in this case can be interpreted as productivity-enhancing investments. MOB (mobile phone subscriptions per 100 people) is a proxy for ease of communication and transacting business, which is hypothesized to increase worker productivity. The birth rate variable (BR) is included to proxy for fertility rate, and accounts for the importance of female labor productivity. Higher fertility rates are consistent with lower female labor force participation rates, and thus, it is postulated that this variable negatively correlates with total factor productivity in a given country. It is also worthwhile to investigate which sub-components of the Economic Freedom Index are more important determinants of productivity. Thus, in Equation 4, we replace the EFI variable with 9 sub-components of the EFI index for which we have complete data (labor freedom not included because it has a lot of missing data). But before doing that, it is important to ensure that there is no high collinearity among these sub-components. The correlation matrix of these economic freedom components is shown in Table 2 . We realize that the highest correlation among them is 0.507 between freedom of property rights and freedom of investment. That means that countries that score highly on freedom of property rights also tend to have high freedom of investment. The other correlations are insignificant, which signals that multi-collinearity may not pose a 
Where EFI (j = 1, 2,..., 9) are the sub-components of the Heritage Foundation Index of economic freedom (Table 1) .
Bivariate Granger-causality test
We test the working hypothesis that economic freedom "Grangercauses" productivity in Africa. Bivariate Granger Causality (Granger, 1969; Sims, 1972 ) is used to test whether past values of the economic freedom index contain information that could possibly predict values of productivity in subsequent years, accounting for the history of the latter. We posit that granger causality runs unidirectionally from economic freedom to total factor productivity. While this serves as a working hypothesis, we acknowledge that feedback or reverse causation is possible, and thus consideration is also given to the instance where granger-causality is bi-directional. Granger-causality may not necessarily indicate the presence of a causal effect; as such care should be exercised in its interpretation, lest one commits a post-hoc-ergo propter hoc error. A vector autoregressive (VAR) model, Equation 5 provides a natural way of testing granger causality when there are many variables:
Where Yt is a vector of endogenous variables, A is a matrix of coefficients on the lagged (exogenous) variables, (L, q) refers to q polynomials in the lag operator L, and Ut is the vector of error terms. For a two-variable case, Granger's test may be expressed by the following two equations: (6) (7) After estimating these equations, we conduct a chi-squared test on the following null hypotheses. This chi-squared test has been proven to be asymptotically more efficient than the standard F-test in the presence of lagged dependent variables (Hamilton, 1994) : (8) (9) Rejection of either one of these null hypotheses signifies unidirectional Granger-causality, and rejection of both means there is bi-directional (feed-back) Granger-causality Table 4 .
EMPIRICAL FINDINGS
In Table 3 , we compare one-way fixed effects model esults with that of two-way fixed effects
5
. Both the oneway and two-way fixed effects estimates show that economic freedom does have a positive and statistically significant effect on productivity in Africa. All three lagged economic freedom index variables are not statistically significant but the contemporaneous effect is very strongly significant. This may suggest that there is a contemporaneous or short run effect but no long run effect in the relationship between economic freedom and productivity. The short run effect on total factor productivity as a result of 1% increase in the economic freedom index is 0.25%. Dawson (1998) in a crosscountry study, covering some 85 countries, also found empirical evidence that economic freedom positively affects total factor productivity. In line with the postulates of the endogenous growth theory, we find evidence that technological improvement, through its direct effect on increasing productivity, may lead to growth. Both technical change and technical efficiency change in our models are strong determinants of total factor productivity in Africa. Contrary to expectations, we do not find empirical evidence that net official development, foreign direct investment, and mobile cellular usage increase productivity. The advent of the cellular phone in Africa reduced communication problems greatly, and as such it was expected that businesses and other transactions can be carried out much more quickly and efficiently, than decades ago when low telephone connectivity meant people necessarily had to travel longer distances to undertake simple transactions (Lee and Gardner, 2011; Jesen, 2007; Qiang et al., 2009 ). Quite to the contrary, our models show that mobile telephone usage reduces productivity. It might be the case that while cellular phone usage is certainly good for the individual as a communication tool; it does not translate into increased productivity at the work place. The Official Development Assistance (ODA) received per capita does not increase productivity as would be expected. The birth rate, foreign direct investment, and the volume of trade do not significantly affect the level of productivity. In Table 4 , we show results of estimating Equation 4, where the focus is on looking at the effect of individual sub-components of the freedom index on productivity. Invoking the assumption that these subcomponents are orthogonal to each other (Table 2) , Equation 4 was estimated, and the results indicate that three of these freedoms (business, monetary and investment freedoms) are positively associated with productivity. Again, the lagged effects of these subcomponents are insignificant, except for monetary freedom, where both the first and second lags are negative. 
Economic freedom granger-causes productivity
We conducted bivariate granger causality tests between economic freedom and total factor productivity for all countries in the sample. Equations 6 and 7 were estimated for each of the countries, using two lags. The maximum lag length of 2 was chosen following the general to specific rule, that is, we start with an arbitrarily large number of lags (say p) and drop insignificant lags until all remaining lags are significant. Granger-causality results are presented in Table 5 . Column two presents results of testing the null hypotheses in Equations 8 and 9. These two null hypotheses are tested for each country: Economic freedom does not granger-cause productivity (EFI TFP) and productivity does not granger-cause economic freedom (TFP EFI). Thus, in column two " "indicates rejection of the null hypothesis and Indicates no rejection. Columns three and four present the chi-squared statistics and p-values for the rejection rules of the null hypotheses. The tests show that granger causality is mostly uni-directional for most of the countries, running from economic freedom to productivity. In 17 of 34 African countries we find evidence that economic freedom granger-causes productivity (Appendix 1). Only in four cases do we have feed-back or bi-directional causation (Mali, Mauritania, Guinea and Niger).
CONCLUSION AND POLICY IMPLICATIONS
In this paper, we have presented empirical evidence that economic freedom does matter for productivity in the context of African countries. We go further to show that this relationship is not just mere correlation. Granger causality tests reveal that economic freedom precedes productivity in most of these African countries. There is little evidence of reverse granger causality from productivity to economic freedom. Goldsmith (1997) using a large cross-country dataset found that developing countries that scored higher in protecting economic rights of their citizens also tended to grow faster, and scored higher on human development. Gwartney et al. (2011) corroborates this, noting that economic freedom leads to more investment, higher per capita incomes and growth rates. We also specifically delineate four sub-components of economic freedom which have the most impactful effect on productivity. These most influential sub-components are: business freedom, investment freedom, fiscal freedom and monetary freedom. The first three constitute regulatory freedoms, or to put it bluntly, the extent of government involvement in private transactions. Business freedom is a measure of the ease of starting, operating and closing a business.
Investment freedom means that private entities can freely engage in, and move resources into activities, across different sectors and borders of the country. A number of policy recommendations can be drawn from this study. First of all, African governments can and should promote economic freedom. Most of the recent top performers on the continent-the likes of Botswana, Mauritius, South Africa, Ghana and Rwanda-have shown that this can be done. African governments must promote free markets and strong institutions that will unleash the entrepreneurial abilities of their people. Second, and most importantly, African governments must make the right investments-in human capital development (education, nutrition and health care), infrastructure development (roads, electricity, ports, water and sanitation) and R&D. The growth of productivity and living standards will depend to a great extent on how well African countries educate and train their workforce. 
APPENDIX
